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本论文的另一个课题是 PATP 和 PNTP 分子等离激元增强表面反应的理论研








































Plasmon-enhanced photocatalytic/catalytic reactions have become a very 
interesting and active direction of research due to the capability of plasmonic 
nanostructure for high-efficiently harvesting and utilizing solar energy into chemical 
processes. When gold or silver nanoparticles absorb visible laser irradiation of a 
specific wavelength, it triggers electrons in the metal nanoparticles to oscillate with a 
certain frequency of the electromagnetic field. When the excitation frequency matches 
the characteristic frequency of metal nanostructures, it creates a phenomenon known 
as surface plasmon resonance (SPR), which brings several significant benefits to the 
surface reactions. Taking the advantage of SPR, plasmon-enhanced heterogenous 
catalysis has recently come into focus as a promising technique for high performance 
solar energy conversion. 
 Despite the plasmon-enhanced catalytic reactions have been observed in a series 
reaction systems, the fundamental physical picture is still unclear. It was 
demonstrated from surface-enhanced Raman spectra (SERS) studies that both 
aromatic amine and nitro compounds adsorbed on plasmonic nanostructures can be 
selectively converted to the corresponding aromatic azo compounds. The reactions are 
strongly influenced by the solution pH, the electrode potential, the irradiation 
wavelength, the irradiation power, the substrate materials, and the surrounding 
atmosphere. However, the reaction mechanism is still debated, especially lacking of 
the thermodynamic and kinetic data. In this dissertation, we carried out systematic 
researches on the surface specotroscopy and surface reactions of two typical aromatic 
compounds, p-Aminothiophenol (PATP) and p-Nitrothiophenol (PNTP) on gold and 
silver nanostructures. My dissertation includes two major projects: plasmon-enhanced 
















functional theory (DFT) calculations are proformed to investigate the chemical 
enhancement mechanism and chemical reaction mechanism. 
The first project addressed in this dissertation is related to the theory of chemical 
enhancement mechanism in plasmon-enhanced Raman spectra of PATP. We focus on 
the influence of photon-driven charge transfer and ground-state charge transfer on the 
intensity enhancement and frequency shift in the surface Raman spectra of PATP 
adsorbed on noble nanostrucutres. To make a comparison, the electronic structure and 
transition property of free PATP are also studied. The present theoretical study shows 
that application of DFT calculations gives explicit physical pictures in understanding 
complicated processes of charge transfer and chemisorption interaction involved in 
SERS spectroscopy. This can be extended to investigate the chemical enhancement 
mechanism of other molecules. 
The other project addressed in this dissertation is related to the theory of chemical 
reaction mechanism in plasmon-enhanced heterogenous catalysis of PATP and PNTP. 
Theoretical models are proposed to study the electrochemical, photochemical, and 
surface catalytic reactions of PATP and PNTP adsorbed on gold and silver surfaces. 
The influences of solution pH, electrode potential, irradiation wavelength, irradiation 
power as well as surrounding atmosphere on the reactions of PATP and PNTP are 
discussed. Present results have drawn a fundamental physical picture in understanding 
plasmon-enhanced heterogenous catalysis. The critical thermodynamic/kinetic data 
obtained from our calculations are helpful to optimize experimental conditions and 
improve yield and selectivity. We believe that the plasmonic nanostructure catalysts 
have promising application prospective for aromatic azo dyes synthesis as well as 
other important industrial reactions. 
Key words: Surface Plasmon Resonance, Surface-Enhanced Raman Spectroscopy, 


















自从 1972 年 Fujishima 和 Honda 发现 TiO2 在紫外光照射下可驱动水分解反
应产生氢气[1-2]，对光能这一清洁、绿色、可再生能源的利用和转化成为可能，
学术界和工业界都投入了大量的资源致力于光能利用、光伏材料、光催化反应的
研究中[3-6]。然而作为最为常用的半导体光催化剂，如 TiO2 和 ZnO，其能带间
隔较大对光的吸收主要位于紫外光区间，对太阳光较低的吸收效率限制了此类半
导体催化剂的实际应用前景。全部太阳光谱由∼5%的紫外光 （波长 200 至 400 






表面等离激元共振（Local Surface Plasmon Resonance, LSPR）频率[12-15]。得益
于金属纳米粒子 LSPR 效应对光的高效吸收，等离激元光催化作为一种潜在的高
效光催化技术最近引起了研究者的高度关注[16-19]，对许多重要的反应都表现出
良好的光催化活性，如光解水反应[20-22]、光催化 CO2 还原[23-24]、光诱导 O2

































到小于或者等于入射光波长的时候。早在 19 世纪，Michael Faraday 就对这一尺
度的金颗粒进行了首次的科学探索。他发现溶液中纳米尺寸的金颗粒的颜色是红
色的而不是块状金的黄色，并且可以通过改变颗粒的尺寸改变溶胶的颜色[41]。
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